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PRE FAC IE 
Explosions caused by i g n i t i o n s  of methane accumulations i n  c o a l  mines 
have r e s u l t e d  i n  l o s s  of l i f e  and proper ty .  I n  gaseous mines, methane accumu- 
l a t i o n s  can be  a n t i c i p a t e d  by per iodical1;y checking t h e  v e n t i l a t i n g  a i r .  
Poss ib ly ,  many explosions may have been prevented by s topping  mining opera- 
t i o n s  whenever l a r g e  methane emissions have been encountered and by a l lowing  
t h e  v e n t i l a t i n g  a i r  t o  d i l u t e  t h e  gas .  Stopping opera t ions ,  however, r e s u l t s  
i n  l o s s  of time and inc reased  product ion c o s t s .  
As t h e  more a c c e s s i b l e  h igh-qua l i ty  coalbeds become deple ted ,  and c o a l  
must be ob ta ined  from t h e  deeper and u s u a l l y  more gaseous coalbeds,  t h e  meth- 
ane hazard encountered dur ing  mining probably w i l l  i nc rease .  Also, t h e  mining 
indus t ry  undoubtedly w i l l  expand the  u se  of continuous-mining equipment t o  
recover  t h e s e  c o a l s .  Since most gaseous c o a l s  emit more methane when they a r e  
reduced i n  s i z e ,  t h e  equipment and mining methods used a r e  expected t o  con- 
t r i b u t e  f u r t h e r  t o  methane emission problems. Therefore,  t o  cont inue  capac i ty  
product ion,  techniques must be developed t o  degas i fy  t he se  coalbeds be fo re  and 
dur ing  mining ope ra t i ons .  
I n  t h e  United S t a t e s ,  s e v e r a l  techniques have been used t o  remove methane 
from coalbeds,  such a s  dra inage  by f r e e  flow and by vacuum pumping through 
v e r t i c a l  d r i l l h o l e s  from t h e  su r f ace ;  f ree-  flow dra inage  from h o r i z o n t a l  ho les  
i n  t h e  coalbed;  and f r e e  flow from holes  d r i l l e d  i n t o  t h e  mine roof  and mine 
f l o o r .  
The Bureau of Mines, reviewing t h e  methane problem w i t h  coal-mining o f f i -  
c i a l s ,  l ea rned  t h a t  faces  and r i b s  of e n t r i e s  advancing i n t o  v i r g i n  c o a l  emit 
more gas than those  of o the r  mine workings. Fur ther ,  r i b s  of t h e  o u t s i d e  
e n t r i e s  emit more gas than i n s i d e  e n t r i e s  i n t e r s e c t e d  by c ros scu t s ,  and con- 
t i n u e  t o  g ive  o f f  gas a s  t h e  f aces  advance. 
Based upon e a r l i e r  t e s t s  t h a t  were conducted t o  a l l a y  c o a l  dus t ,  i t  
appeared p o s s i b l e  t h a t  methane could be  removed from coalbeds by i n f u s i n g  
water  i n t o  ho les  d r i l l e d  i n  t h e  advancing, faces .  I f  t h e  process  proves suc- 
c e s s f u l ,  hazards  c r ea t ed  by methane accu r~u la t i ons  may be  reduced, and a 
r educ t ion  i n  dus t  a t  t h e  working f ace  may a l s o  be expected. 
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REMOVING METHANE (DEGASIFICATION) FROM T H E  PITTSBURGH 
COALBED IN  NORTHERN WEST VIRGINIA ' 
by 
W. M. ~ e r r i t t s , ~  W. N. ~ o u n d s t o n e , ~  and B. A. ~ i ~ h t ~  
SUMMARY AND INTRODUCT ION 
A j o i n t  i n v e s t i g a t i o n  by t h e  Bureau of Mines and t h e  Chr i s topher  Coal 
Co. a t  t h e  Humphrey No. 7 mine, ope ra t i ng  i n  t h e  P i t t s b u r g h  coalbed i n  nor th-  
e r n  West V i rg in i a ,  was undertaken t o  ga in  more i n s i g h t  concerning t he  hazard- 
ous emission of methane gas i n  mining. This  r e p o r t  de sc r ibe s  t h e  equipment, 
procedure,  and r e s u l t s .  
Hor izonta l  b l eede r  ho l e s  d r i l l e d  i n  t h e  f ace s  d ra ined  l a r g e  q u a n t i t i e s  of 
methane, e l i m i n a t i n g  downtime of  mining equipment. Also, l a r g e r  q u a n t i t i e s  of  
methane were removed by f o r c i n g  14  t o  25 g,.p.m. wa te r  a t  25 t o  200 p . s . i .  5 
p r e s s u r e  i n t o  t h e  b l eede r  ho l e s .  I n  one i n f u s i o n  t e s t  a f l u o r e s c e i n  dye was 
added t o  t h e  i n fu s ion  wa te r ;  i n  l a t e r  mining ope ra t i ons ,  t h e  i n f u s i o n  wate r  
was t r a c e d  f o r  a d i s t a n c e  o f  1,500 f e e t .  With vacuum pump app l i ed  t o  t h e  
h o r i z o n t a l  h o l e  t h e  gas-flow r a t e  increased ,  and t h e  methane con t en t  decreased.  
T e s t s  i n d i c a t e d  t h a t  methane and wa te r  i n fu sed  i n  b l eede r  ho les  t r a v e l e d  
a long  t h e  bedding p l anes  of t h e  P i t t s b u r g h  coalbed a t  a f a s t e r  r a t e  than 
a c r o s s  t h e  p lanes .  
Methane a s s o c i a t e d  w i t h  coalbeds i s  produced by t h e  slow decomposition of 
carbonaceous m a t e r i a l  i n  t h e  absence of  ai.r and t h e  presence  of wa t e r .  It i s  
l i g h t e r  than  a i r  and, depending on i t s  concent ra t ion ,  forms an inflammable o r  
exp los ive  mixture  w i t h  a i r .  It i s  be l i eved  t h a t  methane i s  entrapped i n  and 
around t h e  pores  of t h e  c o a l  and ad j acen t  s t r a t a - - o f t e n  under g r e a t  p r e s su re .  
I n  many ca se s  where t h e  s t r a t a  have been d i s t u r b e d  by geo log ic  movements t h e  
'work on manuscr ipt  completed September 1961. 
 i in in^ methods r e s e a r c h  engineer ,  Coal  Mining Research Center ,  Bureau of  
Mines, P i t t sbu rgh ,  Pa. 
3 ~ e n e r a l  super in tendent ,  Chr i s topher  Coal Co., Osage, W .  Va. 
4 ~ r o j e c t  engineer ,  Humphrey No. 7 mine, Chr i s topher  Coal Co., Osage, W .  Va. 
5 A l l  p r e s su re s  given throughout t h i s  r e p o r t  a r e  gage p r e s s u r e s ,  
gas has escaped from t h e  coalbeds and i s  confined i n  pockets and void spaces 
i n  t h e  over ly ing  s t r a t a - -usua l ly  under high pressures .  
Gas emission during mining i s  n e i t h e r  r egu la r  nor continuous but  v a r i e s  
w i t h  t h e  r a t e  of coa l  e x t r a c t i o n  and condi t ions  e x i s t i n g  wi th in  t h e  s t r a t a .  
I n  general ,  more methane i s  l i b e r a t e d  during r ap id  ex t r ac t ion  of coal ,  pos- 
s i b l y  by opening new gas feeders  i n t o  t h e  working faces .  I n  l o c a l i t i e s  where 
methane e x i s t e d  under cons iderable  p res su re  i n  c rev ices  and voids  i n  t h e  
strata, dangerous f a l l s  of roof  and c o a l  have occurred accompanied by l a r g e  
gas ou tbur s t s .  
Methane emission i n t o  mine workings and subsequent i g n i t i o n  have caused 
many coal-mine explosions, r e s u l t i n g  i n  l o s s  of l i f e  and des t ruc t ion  of prop- 
e r t y .  To minimize t h i s  hazard, e l abora t e  v e n t i l a t i n g  systems a r e  being 
employed t o  d i l u t e  t h e  methane a t  t h e  working faces  and remove t h e  harmless 
mixture from t h e  mine. I n  addi t ion ,  permiss ib le  explosives and explosion- 
proof mining equipment a r e  being used t o  reduce f u r t h e r  t he  p o s s i b i l i t y  of 
i g n i t i n g  gas accumulations. 
Before t h e  advent of continuous mining, few American mines had gas emis- 
s i o n  problems t h a t  could not  be solved by increas ing  the  volume of v e n t i l a t i n g  
a ir .  In except ional ly  gaseous mines, l a r g e  coa l  a reas  were developed and 
allowed t o  d r a i n  f o r  long per iods  be fo re  mining. The widespread use  of 
continuous-mining machines has r e s u l t e d  i n  a more r a p i d  r a t e  of c o a l  extrac-  
t i o n  from fewer working places,  which, i n  turn,  has r e s u l t e d  i n  an increased  
r a t e  of methane l i b e r a t i o n .  Often, i t  i s  not  poss ib l e  t o  inc rease  the  volume 
and v e l o c i t y  of t h e  v e n t i l a t i n g  a i r  necessary t o  d i l u t e  t h e  gas without  
c r e a t i n g  another  s a f e t y  hazard-- that  of suspending dangerous concentrat ions 
of  c o a l  d u s t .  I n  t h e  seve res t  cases,  mining i s  stopped p e r i o d i c a l l y  so  t h a t  
t h e  v e n t i l a t i n g  a i r  can d i l u t e  t h e  methane concentrat ion.  Thus, t he  i n a b i l i t y  
t o  maintain a s a f e  mine atmosphere can p l ace  a severe  l i m i t a t i o n  on t h e  h ighly  
product ive  machines. 
A s a f e  mine atmosphere could be maintained, however, by approaching t h e  
problem i n  another  manner. Ins tead  of allowing t h e  methane t o  d r a i n  i n t o  the  
mine atmosphere during mining, i t  could be removed before  mining, thus avoid- 
i n g  t h e  n e c e s s i t y  of l a r g e  volumes of v e n t i l a t i n g  a i r .  
Degas i f ica t ion ,  t h e  e x t r a c t i o n  of methane from coal-bearing formations 
before  and during mining, has been w e l l  received i n  the  United Kingdom, 
Europe, and o the r  major coal-producing coun t r i e s .  A survey of foreign l i t e r -  
a t u r e  shows t h a t  t h e  techniques of dra in ing  methane from coal-bearing forma- 
t i o n s  has been thoroughly inves t iga t ed  and has proven t o  be both p r a c t i c a l  and 
economical. I n  a r ecen t  repor t ,6  i t  was s t a t e d  t h a t  135 c o l l i e r i e s  removed 
more than 17 b i l l i o n  cubic  f e e t  of  methane i n  1958 f o r  use a s  town gas, f o r  
automotive and gas- turbine fuel ,  and f o r  steam generat ion.  The var ious  
d e g a s i f i c a t i o n  techniques may be c l a s s i f i e d  genera l ly  a s :  
6 Boyd, W .  T., and Perry, Harry, Degas i f ica t ion  of Coalbeds i n  Advance of 
Mining: Pres .  47th Nat. Safe ty  Cong. and Exposition, Chicago, Ill., Oct. 
20, 1959, Trans. Nat. Sa fe ty  Cong., vo l .  7, 1959, pp. 21-34. 
1. Cross-measure borehole  method: Boreholes a r e  d r i l l e d  through over- 
l y i n g  beds o r  i n t o  the  f l o o r  s t r a t a  from the  working a r e a s .  
2. The Hirschbach method: Super jacent  e n t r i e s  a r e  developed over t he  
working a r ea s .  
3 .  Packed- c a v i t y  method: Drainage of  methane i s  c o n t r o l l e d  a s  mining 
p rog re s se s .  
4 .  Surface and underground borehole  dra inage .  
5. Drainage from v i r g i n  coalbeds by c o l l e c t i n g  gas from pockets .  
The cross-measure borehole  method i s  t h e  most widely used f o r  removing 
methane from t h e  c o a l  formations.  I n  t h i s  method, t h e  gas i s  c o l l e c t e d  by 
f r e e  flow and vacuum pumping from boreholes  and i s  piped t o  t h e  s u r f a c e ,  
Analysis  of  t h e  l i t e r a t u r e  i n d i c a t e s  t h a t  European d e g a s i f i c a t i o n  tech- 
n iques  would no t  be adaptab le  t o  e x i s t i n g  n a t u r a l  cond i t i ons  o r  mining methods 
used by t h e  U. S. c o a l  i ndus t ry .  Longwall mining i s  p r a c t i c e d  ex t ens ive ly  i n  
Europe, wh i l e  room-ando pillar mining predominates i n  t h e  United S t a t e s  . I n  
longwall  mining t h e  roof  subs ides  a s  mining progresses ,  r e s u l t i n g  abutment 
p re s su re s  a t  and ahead of  t h e  longwall  fisce breaking  and c rack ing  the  over- 
l y i n g  s t r a t a .  I n  room-and-pillar mining,, t he  roof  i s  supported and gene ra l l y  
remains undis turbed u n t i l  t h e  p i l l a r s  a r e  removed dur ing  r e t r e a t  mining. The 
e f f e c t  of t h e  longwall-mining method on inethane l i b e r a t i o n  i s  t h a t  when t h e  
p r e s s u r e  on t h e  longwall  face  i s  relieveld, much of t h e  gas i n  t he  coalbed i s  
l i b e r a t e d  and i s  t rapped i n  t h e  overlyin,g s t r a t a .  In room-and-pillar mining 
t h e  overburden p re s su re  i s  no t  r e l i e v e d  and t h e  gas e n t e r s  t h e  mine workings 
o r  remains i n  t he  c o a l  p i l l a r s  and immediate ad j acen t  s t r a t a .  Other d i f f e r -  
ences i n  mining cond i t i ons  and p r a c t i c e s  such a s  t h e  number beds worked simul- 
taneously,  i n t e r v a l  between workable coalbeds,  a t t i t u d e  of  t he  beds, and t h e  
c h a r a c t e r  o f  t h e  ad j acen t  s t r a t a  have a marked e f f e c t  on t h e  success  of  
d e g a s i f i c a t i o n  techniques.  
Increased  use of  continuous-mining equipment and t h e  encouraging r e s u l t s  
ob ta ined  by t h e  d e g a s i f i c a t i o n  techniques being used i n  fo re ign  c o u n t r i e s  
prompted t h e  Bureau of Mines t o  i n i t i a t e  l abo ra to ry  and f i e l d  s t u d i e s  t o  
determine t h e  f e a s i b i l i t y  of degas i fy ing  coalbeds be fo re  and dur ing  mining 
and t o  develop techniques a p p l i c a b l e  t o  U .  S. mining cond i t i ons  and p r a c t i c e s .  
The l abo ra to ry  phase of t h e  work was t o  determine t h e  s o r p t i o n  cha rac t e r -  
i s t i c s  o f  coa l ,  wh i l e  t h e  f i e l d  i n v e s t i g a t i o n s  were t o  s tudy  migra t ion  of 
methane i n  t he  coalbed, use  of  s u r f a c e  boreholes  and long underground horizon- 
t a l  d r i l l  ho l e s  i n  advance of mining, and water - infus ion  technique f o r  
d e g a s i f i c a t i o n .  
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FIGURE 1. - Section o f  P i t t sbu rgh  Coalbed 
o f  Humphrey No. 7 Mine. 
shale 
shale 
The d e g a s i f i c a t i o n  
experiments were conducted 
a t  t h e  Humphrey No. 7 mine, 
Chr i s topher  Coal Co., near  
Osage, Monongalia County, 
W .  Va., ope ra t i ng  i n  t h e  
P i t t s b u r g h  coalbed,  
Coalbed 
The P i t t s b u r g h  coalbed 
i s  t h e  b a s a l  s t r a tum of  t he  
Monongahela s e r i e s  of  t h e  
Pennsylvanian per iod .  This  
s e r i e s  i s  composed c h i e f l y  
of  l imestones ,  i n t e r s t r a t i -  
f i e d  sandstones ,  sha l e s ,  and 
coa l ;  of t he se  t he  P i t t s b u r g h  
coalbed i s  of  g r e a t e s t  eco- 
nomic importance.  F igure  1 
shows a columnar s e c t i o n  o f  
t h e  immediate roof ,  t he  coal-  
bed, and t h e  bottom. The 
coalbed ou tc rops  a long t h e  
Monongahela River  and d i p s  
g r adua l l y  N. 75O W .  The westward ex tens ion  of t h e  bed from t h e  a r e a  contigu- 
ous t o  t h e  Monongahela River  has been mined ex t ens ive ly  and c o n s t i t u t e s  t h e  
p r i n c i p a l  r e s e r v e s  which a r e  below drainage--depth o f  cover i nc r ea s ing  away 
from t h e  r i v e r .  
The coalbed i n  t h i s  a r e a  averages  90 inches  i n  th ickness  and has  a blocky 
s t r u c t u r e ,  r e s u l t i n g  from wel l -def ined  b u t t  and f ace  c l e a t s  a t  approximately 
r i g h t  ang l e s  t o  each o t h e r .  About 5 f e e t  from t h e  bottom, 2 inches  of  s p l i n t y  
c o a l  occurs ,  and two s h a l e  p a r t i n g s  j u s t  above t h e  s p l i n t y  c o a l  a r e  known 
l o c a l l y  a s  t h e  6- foo t  and 7-foot b inders .  The coalbed i s  i n t e r s e c t e d  by 
numerous c l a y  v e i n s  o f  v a r i o u s  th ickness ,  which may extend over l a r g e  a r e a s .  
Immediately ove r ly ing  t he  coalbed i s  a f o o t  o r  more of  s h a l e  t h a t  d i s -  
i n t e g r a t e s  r e a d i l y  upon exposure t o  t h e  mine atmosphere. To p r o t e c t  t h i s  
immediate roof  1 f o o t  o r  more of top  c o a l  i s  l e f t  du r ing  mining. 
A t y p i c a l  a n a l y s i s  o f  c o a l  a t  t h i s  mine on t h e  as - rece ived  b a s i s  i s  a s  
fo l lows  : 
=isture................................percent 3.2 
V o l a t i l e  matter...........................do. 37 .O 
Fixed carbon....,.........................do. 53.2 
A~h.......................................do. 6.6 
S~lf~r....................................do~ 1.45 
C a l o r i f i c  va lue ,  B , t , u .  p e r  pou:nd,............. 14,000 
Mine Development 
The coalbed was en t e r ed  through two d r i f t s  and fou r  s h a f t s - - t h e  l a t t e r  
rang ing  from 325 t o  568 f e e t  i n  depth.  A mu l t i p l e - en t ry  block system was used 
t o  develop t h e  coalbed. The main e n t r i e s  were developed i n  s e t s  of  n i n e  o r  
more and t h e  pane l  e n t r i e s  i n  s e t s  of  seven o r  more; a l l  were d r iven  1 4  t o  17 
f e e t  i n  w id th  on 50- o r  70- f o o t  c e n t e r s .  Crosscu ts  were d r iven  on approxi- 
mate ly  80-foot c e n t e r s .  P i l l a r s  were recovered on r e t r e a t  by t h e  pocket-and- 
fender  method, F igure  2 shows t h e  p l a n  o f  developing t h e  main and 4 and 5 
South e n t r y  groups; contour  l i n e s  show t h e  e l e v a t i o n  o f  t h e  bed. 
One r i ppe r - t ype  continuous-mining machine was used i n  each s e t  of e n t r i e s ,  
and t h e  c o a l  was f i r s t  d i scharged  on to  t h e  mine f l o o r  and then loaded i n t o  
s h u t t l e  c a r s  by a convent iona l  load ing  machine. The s h u t t l e  c a r s  d i scharged  
t h e  c o a l  on to  an e x t e n s i b l e - b e l t  in termed. ia tew haulage system, which, i n  tu rn ,  
d i scharged  i t  i n t o  mine c a r s  f o r  haulage t o  t h e  s u r f a c e ,  
Roof b o l t i n g  was t h e  predominant roof  suppor t  method, b u t  i n  a r e a s  of  
dangerous roof  cond i t i ons  t h e  roof  b o l t s  were supplemented w i t h  c ro s sba r s  and 
p o s t s .  Yie ld ing  s t e e l  a r ch  suppor t s  were used a long  main haulage roads t h a t  
had heavy o r  squeezing r o o f .  
The mine was c l a s s e d  a s  gassy by the! West V i r g i n i a  Department of  Mines 
and was l i b e r a t i n g  about  8 m i l l i o n  cubic  f e e t  of  methane pe r  day. About 
915,000 cubic  f e e t  of  a i r  pe r  minute  was c i r c u l a t e d  through t h e  mine by t h r e e  
exhaus t  f ans .  A s p l i t  system of ven t i l a t l ion ,  u s ing  noncombustible permanent 
s toppings ,  ove rca s t s ,  and r e g u l a t o r s ,  coursed t h e  a i r  t o  t h e  a c t i v e  s e c t i o n s  
o f  t h e  mine. I n t ake  a i r  i n  each s e t  of  developing e n t r i e s  was coursed through 
t h e  c e n t e r  e n t r i e s ,  s p l i t  nea r  t h e  a c t i v e  faces ,  and r e tu rned  through t h e  
o u t s i d e  e n t r i e s ,  
A i r  c u r r e n t s  were d i r e c t e d  t o  t h e  working f ace s  by means of  b r a t t i c e  
c l o t h  faced w i t h  a t h i n  s h e e t  of p l a s t i c  on t h e  h igher  p r e s s u r e  s i d e  o f  t h e  
c l o t h  t o  minimize leakage.  By i n s t a l l i n g  t h e  l i n e  b r a t t i c e  on t h e  r e t u r n  s i d e  
o f  a working p lace ,  mining equipment coulld t r a v e l  t o  and from t h e  working f ace  
w i thou t  pa s s ing  under a l i n e  b r a t t i c e  o r  check c u r t a i n .  F igure  3 shows t h e  
v e n t i l a t i n g  system and t h e  gene ra l  arrangement of equipment used i n  develop- 
ment. Figure  4 shows t h e  sequence of advancing a s e t  of  seven e n t r i e s .  By 
fol lowing t h i s  sequence o f  mining i t  was p o s s i b l e  t o  advance a l l  working 
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PREVIOUS DEGAS IF ICAT ION 
EXPERIMENTS 
As e a r l y  a s  1952, t h e  
School of Mines and the  Engi- 
neer ing  Experiment S t a t i o n  
of West V i rg in i a  Un ive r s i t y  
and t h e  Chr i s topher  Coal Co. 
s t a r t e d  experimental  degasi-  
f i c a t i o n  work a t  an adjoin-  
i n g  mine. The purpose was 
t o  i n v e s t i g a t e  the  cha rac t e r -  
i s t i c s  o f  t h e  P i t t s b u r g h  
coalbed w i t h  r e spec t  t o  t h e  
l i b e r a t i o n  of methane and t o  
s tudy  va r ious  techniques f o r  
degas i fy ing  the  coalbed i n  
advance of and dur ing  mining. 
This  e a r l y  work cen te red  
mainly around the  u se  of  
v e r t i c a l  boreholes  f o r  meth- 
ane dra inage .  The f i nd ings  
were t h a t  t h i s  method had 
only l im i t ed  app l i ca t i on ,  
un l e s s  t h e  dra inage  zone 
FIGURE 3, - F a c e  Vent i  l o t i on  System and Gjeneral could be extended by hydrau- 
Arrangement o f  Min ing Equipment. l i c  f r a c t u r i n g .  7 
RECENT DEGAS IF ICATION EXPERIMENTS 
Hor izonta l  D r i l l  Holes 
Following these  e a r l y  experiments,  the  company began a  s tudy  us ing  hor i -  
z o n t a l  d r i l l  ho les  i n  advance of  t he  working faces  f o r  c o n t r o l l i n g  methane 
dra inage .  General t e s t  procedures  followed, and some e a r l y  r e s u l t s  have been 
published.8 As t h e  d r i l l i n g  methods for h o r i z o n t a l  free-flow holes  and 
those  used f o r  water - infus ion  purposes a r e  s i m i l a r ,  only a  b r i e f  d e s c r i p t i o n  
of  h o r i z o n t a l - d r i l l - h o l e  procedure and r e s u l t s  w i l l  be included i n  t h i s  r e p o r t .  
7 Spindler ,  G. R., Degas i f i ca t i on  of  Coal Seams: Coal Mine Modernization, Am. 
Min. Cong., 1953, pp. 206-220; West V i rg in i a  Eng. Exp. S t a .  Tech. Paper 46, 
1953, 15 pp. 
8 Spindler ,  G.  R. ,  and Poundstone, W .  N. ,  Experimental Work i n  t h e  Degasif ica-  
t i o n  of t h e  P i t t s b u r g h  Coal Seam by Hor izonta l  and V e r t i c a l  D r i l l i n g :  
P r e p r i n t  60-F106 of paper p r e s .  Ann. Meeting AIME,  New York, February 1960, 
28 PP 
" ~ i ~ h t ,  B.  A * ,  Recent Experiments i n  Degas i f i ca t i on  of  t h e  P i t t s b u r g h  Coal 
Seam i n  Northern West V i r g i n i a :  Paper p re .  50th Conv. Mine In spec to r s '  
I n s t .  of Am., Lou i sv i l l e ,  Ky., June 13- 15, 1961, 16 pp . 
Equipment 
The p r i n c i p a l  equipment 
f o r  t h i s  work was a handheld 
e l e c t r i c  d r i l l  capable of  
d r i l l i n g  long holes .  The 
d r i l l  stem was a f l u t e d  
auger having a 2-inch- 
diameter double-prong b i t  
and was followed by hollow 
10- foot  s ec t ions  through 
which water  flowed t o  f l u s h  
c u t t i n g s  from the  holes .  
Procedure 
I n  developing groups of 
e n t r i e s  i n  v i r g i n  coal ,  com- 
pany engineers  determined 
t h a t  s o l i d  r i b s  of t h e  out- 
s i d e  e n t r i e s  l i b e r a t e d  more 
methane than r i b s  of t he  
o the r  en t r i e s - - the  g r e a t e s t  
------- emission was from t h e  faces  
LEGEND of t he  two ou t s ide  e n t r i e s .  
1-7 Entry number --- - Line brattice The gas concent ra t ion  occa- - Intake air Permanant stopping 
Return air c-c Curtain s i o n a l l y  was SO high t h a t  
mining had t o  be i n t e r r u p t e d  
FIGURE 4. - Sequence o f  Cuts to Advance a Set u n t i l  t h e  gas was d i l u t e d  t o  
o f  Seven Entries. a s a f e  l e v e l  by the  ven t i -  
l a t i n g  a i r .  It a l s o  was 
proven t h a t  t hese  s o l i d  r i b s  continued t o  bleed gas much longer  than the  p i l -  
l a r  r i b s  of the  o u t s i d e  e n t r i e s .  
Figure 5 i l l u s t r a t e s  t he  p lan  of spacing t h e  b leeder  holes .  Most of t he  
ho le s  were 100 t o  150 f e e t  deep, a l though a few were 230 f e e t  deep. They 
were s o  c o l l a r e d  t h a t  when t h e  connecting c ros scu t s  between e n t r i e s  were com- 
p l e t e d  and l i n e  b r a t t i c e s  placed i n  t h e  ou t s ide  e n t r i e s ,  gas would be l i b e r -  
a t e d  d i r e c t l y  i n t o  t h e  r e t u r n  a i r .  As each e n t r y  ad jacent  t o  the  v i r g i n  c o a l  
was advanced f a r  enough f o r  the  succeeding crosscut ,  another  b leeder  hole  was 
d r i l l e d  i n  each o u t s i d e  en t ry .  The holes  were 2 inches i n  diameter a l though 
some holes  up t o  4 inches i n  diameter were t e s t e d .  Horizontal  holes  a t  v a r i -  
ous angles  t o  t h e  e n t r y  were d r i l l e d  as w e l l  a s  s e v e r a l  i n  t h e  roof  and bottom. 
D r i l l i n g  was done on the  in t ake  a i r  through a prepared opening i n  t he  
l i n e  b r a t t i c e ,  and t h e r e f o r e  a l l  gas emit ted during d r i l l i n g  was r e l ea sed  i n t o  
t h e  r e t u r n - a i r  c u r r e n t .  As a precaut ion,  t he  amount of a i r  pass ing  t h e  d r i l l  
h o l e  was increased  dur ing  d r i l l i n g  t o  keep the  concen t r a t ion  low i n  t he  event  
of a sudden ou tbu r s t  of gas.  Gas pressures ,  flows, and methane concent ra t ions  
were measured r epea t ed ly  t o  record  t h e  product ion of  gas from t h e  holes .  
,211 bleeder holes 
\ 
Fire-resistant belt -. 
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'2" bleeder holes' 
FIGURE 5. - Spacing of 2-Inch Bleeder Holes 
in  Solid Ribs. 
Resul t s  of Degasif i c a t i o n  
With Horizontal  
Boreholes 
Before January 1960, 
240 hor i zon ta l  boreholes 
were d r i l l e d  i n  developing 
14,000 f e e t  of main- and 
cross-ent ry  s e t s ,  Observa- 
t i o n s  made during and a f t e r  
d r i l l i n g  ind ica t ed  t h a t  t h e  
holes  could be  spaced fur- 
t h e r  a p a r t  and s t i l l  ob ta in  
s a t i s f a c t o r y  r e s u l t s ,  A s  a 
r e s u l t ,  from January t o  
September 1960, only 24 r i b -  
l i n e  holes  were d r i l l e d  t o  
develop 8,000 f e e t  of en t ry .  
A s  might have been 
expected, t h e r e  were va r i a -  
t i o n s  i n :  (1) D r i l l i n g  time; 
(2) methane emission from 
t h e  holes ;  (3) shut - in  pres- 
su res ;  and (4) t o t a l  time 
holes  emit ted gas. 
During t h e  f i r s t  5 f e e t  
of d r i l l i n g  l i t t l e  gas was 
encountered, but  t he  emis- 
s ion  increased  genera l ly  
w i t h  hole  depth. Table 1 
summarizes the  a c t u a l  d r i l l i n g  time and t h e  amount of methane r e l eased  during 
d r i l l i n g  of a hole  i n  No. 1, Main. The face  a r e a  was 98 square f ee t ,  and from 
the  v e l o c i t i e s  of t he  v e n t i l a t i o n  cu r ren t  measured a t  i n t e r v a l s ,  t he  a i r  vol- 
umes were computed. While a i r  v e l o c i t i e s  were being measured, readings were 
being taken wit11 a Riken gas i n d i c a t o r  t o  determine the  percent  of  methane i n  
t h e  v e n t i l a t i n g  a i r  from which t h e  cubic f e e t  of methane was computed. In  
these  c a l c u l a t i o n s  i t  was assumed t h a t  increases  i n  methane emission were 
e n t i r e l y  the  r e s u l t  of d r i l l i n g  and t h a t  t h e  volume of i n t a k e  a i r ,  percent  
methane, and volume of methane remained s u b s t a n t i a l l y  cons tant  between 
measurements . 
P r a c t i c a l l y  a l l  holes  emit ted gas dur ing  d r i l l i n g  and continued t o  do s o  
f o r  lengths  of time varying up t o  s e v e r a l  months. Shor t ly  a f t e r  a hole was 
completed, t he  v e l o c i t y  and volume of gas i s s u i n g  from i t  was measured, and 
t h e  methane concent ra t ion  was determined from b o t t l e  samples and checked by 
Riken readings ,  Shut-in p res su re  a l s o  was determined. 
TABLE 1. - Cumulative a c t u a l  d r i l l i n ~  time and methane r e l e a s e d  dur ing  
d r i l l i n n  of a bleeder  hole  a t  f ace  of No. 1 Main e n t r y  
Table 2 summarizes free-f law dra inage  d a t a  from hor i zon ta l  b leeder  holes .  
Unless otherwise shown, a l l  ho les  w e r e  d r i l l e d  15" from t h e  d i r e c t i o n  of  e n t r y  
advance. On completion of t h e  70-foot b leeder  ho le  i n  No. 1 ent ry ,  5 South, 
t h e  v e l o c i t y  of t h e  gas was 8,900 £.p.m. The ho le  emi t ted  193 cub ic  f e e t  of 
methane pe r  minute w i t h  a shu t - in  p re s su re  of 60 p . s . i . ,  d e s p i t e  a consider-  
a b l e  leakage through cracks  i n  t h e  c o a l  a t  t h e  c o l l a r  of t he  hole .  
Although t h e  volume of  methane produced from bleeder  holes  was no t  uni- 
form, t h e  volumes u s u a l l y  were g r e a t e r  a f t e r  pene t r a t ing  c l a y  ve ins .  
Cumulative 
























When a long ho le  was sea led ,  and provided no mining was done i n  t h e  i m e -  
d i a t e  a rea ,  t he  time r equ i r ed  f o r  t he  gas t o  reach  maximum shut - in  p re s su re  
ranged from s e v e r a l  minutes t o  s e v e r a l  weeks. Af t e r  maximum pres su re  was 
reached i t  was p o s s i b l e  t o  open t h e  s e a l ,  bleed o f f  t he  gas, r e s e a l  t he  hole ,  
and r ega in  t h e  previous shu t - in  p re s su re .  A p re s su re  gage connected t o  t h e  
s e a l  i n  t h e  ho le  f l u c t u a t e d  cont inuously u n t i l  t h e  maximum pres su re  was 
reached;  t hese  f l u c t u a t i o n s  were g r e a t e r  w i t h  deeper s e a l s .  
In t ake  
a i r ,  
c.f.m. 
39,200 - 
3 9,200 - 
- - 
- 










f e e t  - 
10 - 
20 - 
3 0 - 
40 - 
5 0 - 
6 0 - 
7 0 - 
80 - 





Before d r i l l i n g  s t a r t e d .  
Add 2d s t e m .  
D r i l l i n g .  
Add 3d stem. 
D r i l l i n g .  
Add 4 t h  stem. 
D r i l l i n g .  
Add 5 t h  stem. 
D r i l l i n g  . 
Add 6 t h  stem. 
D r i l l i n g .  
Add 7 t h  stem. 
D r i l l i n g .  
Add 8 t h  stem. 
D r i l l i n g  . 
Add 9 t h  stem. 
D r i l l i n g .  
Add 1 0 t h  stem. 
D r i l l i n g .  
Add 11 th  stem. 
F i n i s h  d r i l l i n g .  
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Water Infusion of Hori.zonta1 D r i l l  Holes 
During some e a r l i e r  experimental work by the  Bureau i n  water  infus ion t o  
a l l a y  dust ,  i t  was indica ted  t h a t  the  infus ion contr ibuted  t o  p a r t i a l  degasi- 
f i c a t i o n  of coa l  p i l l a r s . g  Because of  these  r e s u l t s ,  i t  was decided t o  d e t e r  
mine the  e f f e c t  of  water infus ion on the  r e l e a s e  of gas from s o l i d  coal .  
Equipment Used 
The pump was a t r i ~ l e x - ~ l u n g e r  type, capable of  producing a maximum of 
600 p.s . i .  and de l ive r ing  a s  much a s  15 g.p.m. of water .  
Figure 6 
gives d e t a i l s  of 
the  water- infusion 
s e a l .  When it  i s  
inse r t ed  i n  a d r i l l  
hole and the  inby 
nut  i s  tightened, 
the  1-inch pipe i s  
moved taward the  
c o l l a r  of the  hole. 
This compresses the  
rubber was hers, 
causes them t o  
expand outward and 
g r i p  the  wa l l  of 
the  hole firmly, 
and makes a water- 
t i g h t  s e a l .  The 
outby nuts  a c t  a s  
jamnuts t o  keep 
the  1/2-inch pipe 
from turning when 
the  inby nut  i s  
turned t o  r e l e a s e  
the  rubber washers 
and t o  remove the  
FIGURE 7. - Maihok Mono-Methane Analyzer and Recorder. s e a l .  
Continuous Methane Recorders 
The company had a German Kaihak Mono-Methane u n i t  t h a t  requi red  corn- 
pressed a i r  fo r  operat ion.  (See f i g .  7 .) This recorder was used almost exclu- 
s i v e l y  i n  t h e  water- in fus ion  experiments. By checking t h e  record pe r iod ica l ly  
'~ackson,  E. O., and Merritts, W.  M., Water Infusion of Coal P i l l a r s  Before 
Mining, Kenilworth Mine, Independent Coal & Coke Co ., Kenilworth, Utah: 
Bureau of  Mines Rept. of Inves t iga t ions  4836, 1951, 25 pp. 
w i t h  ana lyses  of b o t t l e  samples of gas taken s i m u l t a n e o u s l y w i t h  samples ana- 
lyzed  by t h e  instrument ,  t h e  accuracy was found t o  be  s a t i s f a c t o r y .  Techni- 
c a l l y  t h i s  u n i t  i s  n o t  a continuous r eco rde r  because sampling, analyzing,  and 
record ing  a s i n g l e  sample r e q u i r e s  a minimum of  3 minutes, and thus,  any 
changes i n  gas emission dur ing  t h e  i n t e r v a l  cannot be recorded.  During most 
o f  t h e  s tudy  no o t h e r  p o r t a b l e  continuous methane recorder  was a v a i l a b l e  
e i t h e r  i n  t he  United S t a t e s  o r  i n  fore ign  coun t r i e s .  However, through a j o i n t  
e f f o r t  by t h e  Combustion Sect ion,  P i t t s b u r g h  Coal Research Center,  and t h e  
Elec t r ica l -Mechanica l  Tes t ing  Sect ion,  Heal th and Sa fe ty  Research Center, 
P i t t sbu rgh ,  Pa., a continuous methane ana lyzer  and r eco rde r  was designed and 
b u i l t .  (See f i g .  8.) 
The u n i t  i s  b a t t e r y  opera ted  and ob ta ins  a i r  samples through a f l e x i b l e  
tube  leading  from t h e  ana lyzer  t o  t he  sampling a r e a .  Samples a r e  pu l l ed  
through t h e  tubing by a vacuum a s p i r a t o r  opera ted  by c o n t r o l l e d  r e l e a s e  of 
Freon gas from a s t o r a g e  tank.  When t h e  a s p i r a t o r  i s  operat ing,  ana lyz ing  and 
r eco rd ing  a r e  continuous except  dur ing  t h e  time needed f o r  t h e  f i r s t  sample t o  
r each  t h e  ana lyzer .  
Af t e r  t h e  u n i t  was completed i t  was t e s t ed ,  taken underground, and put  i n  
s e r v i c e .  With a few modif ica t ions  t o  e l imina te  t h e  e f f e c t  of mine-air  mois- 
t u r e  on i t s  accuracy, t he  u n i t  was proven r e l i a b l e  by comparing w i t h  f requent  
b o t t l e  samples. 
Miscellaneous 
In  add i t i on ,  equipment such a s  high-pressure water  hose, p l a s t i c  tubing, 
gages, gas and water  flawmeters, a we t t i ng  agent  propor t ioner ,  methane indi-  
c a t o r s  and t e s t e r s ,  oxygen and carbon d ioxide  ana lyzers ,  permiss ib le  flame 
s a f e t y  lamps, barometers, thermometers, p i t o t  tubes,  psychrometers, and an 
u l t r a v i o l e t  lamp--remodeled and approved f o r  u s e  i n  a gassy mine--were used. 
Procedure 
While t he  d e t a i l s  of i n fus ion  procedure had t o  be v a r i e d  t o  s u i t  condi- 
t i o n s ,  t h e  genera l  approach was a s  fol lows:  
The pump w a s  placed i n  an  i n t a k e - a i r  course  and connected t o  wa te r l i nes ,  
and 3/4-inch heavy-duty hose connected t h e  pump d ischarge  w i t h  t h e  in fus ion  
equipment a t  t h e  infused  face.  A t y p i c a l  arrangement of  equipment i s  shown i n  
f i g u r e  9 w i t h  t h e  watermeter i n  t h e  hose l i n e  leading  from t h e  in fus ion  pump. 
The hose w i t h  an in t e rven ing  va lve  and p re s su re  gage was connected t o  t he  
in fus ion  s e a l .  The o r i f i c e  meter i n  t h e  i n c l i n e d  p ipe  was sea l ed  i n  a hole  
n e a r  t h e  top of  t h e  coalbed t o  measure the  flow o f  gas from t h a t  p a r t  o f  t he  
bed dur ing  t h e  infus ion ,  and t h e  flow measurements were cont inuously recorded. 
F igure  10 i s  a closeup of  t h e  f ace  showing t h e  water  t r a p  i n  t h e  or i f ice-meter  
pipe,  t h e  in fus ion  s e a l ,  and, i n  t h e  upper l e f t  corner  of  t h e  face, a p re s su re  
gage and p ipe  sea l ed  i n  another  hole  t o  i n d i c a t e  p re s su re  developed a t  t h a t  
p a r t  o f  t h e  coalbed by gas, water ,  o r  bo th  dur ing  in fus ion  of t h e  f ace  bleeder  
hole .  
FIGURE 8. - Bureau of Mines Continuous Methane Analyzer and Recorder. 
The Maihak 
Mono- Methane ana- 
l y z e r  and r eco rde r  
was placed i n  t h e  
i n t a k e  outby t h e  
f ace  w i t h  t h e  sam- 
p l i n g  tubes t o  
each r e t u r n - a i r  
course .  Riken 
readings  o r  b o t t l e  
samples were taken 
be fo re  i n fus ions  
a t  o t h e r  po in t s  i n  
t h e  f ace  a r e a  t o  
determine the  nor- 
mal amount of gas  
be ing  emit ted.  
For each infu-  
s ion,  t h e  pump 
ope ra t ing  time, 
volume of water  
metered, p re s su re s  
developed, tempera- 
t u re ,  barometr ic  
pressure ,  amount 
of v e n t i l a t i n g - a i r  
flow, and t h e  meth- 
FIGURE 9. - Typical Arrangement of Infusion Equipment a t  Face; ane content  of a i r  
Sampling A i r  at Face-Sampling Point. a t  t he  sampling 
p o i n t s  were meas- 
ured  and recorded. B o t t l e  gas samples were taken f r equen t ly  t o  check these  
r ead ings .  Water w i t h  and wi thout  a  we t t i ng  agent  was used i n  i n fus ions .  Fluo- 
r e s c e i n  dye s t a b i l i z e d  w i t h  an  a l k a l i  a l s o  was added t o  t he  water ,  and by means 
of  an approved u l t r a v i o l e t  l i g h t  i t  was p o s s i b l e  t o  i d e n t i f y  and t r a c e  t h e  
progress  of t h e  i n f u s i o n  water .  
During infus ions ,  t h e  p a t h  and d i s t r i b u t i o n  of t he  water  could be t r a c e d  
by sweating of t h e  coa l .  Small gas-water bubbles would appear on t h e  c o a l  
s u r f a c e  a t  t he  f a c e  being infused  and spread gradual ly  t o  o the r  ad jacent  faces  
and r i b s .  (See f i g .  11.) Usual ly t he  s e a l  was s e t  3 f e e t  i n  t h e  hole  from 
t h e  c o l l a r ,  bu t  i f  t h e  i n fus ion  water  oozed too  r a p i d l y  a t  t h e  f a c e  being 
infused,  t h e  s e a l  was r e s e t  deeper i n  t h e  hole .  
Infus ions  i n  4 South E n t r i e s  
This  s e t  of e n t r i e s ,  d r iven  on t h e  f ace  c l e a t s ,  had been i d l e  3 months 
be fo re  i n fus ions  were s t a r t e d .  Methane b leeder  holes  a l r eady  had been d r i l l e d  
i n  t h e  s o l i d  c o a l  a t  t h e  f aces  of t h e  o u t s i d e  e n t r i e s ,  and these  b leeder  holes  
were used f o r  t he  in fus ions .  
FIGURE 10. - Closeup of Orifice-Meter Piping at Face. 
No. 7 Entry 
Figure 12 s h m s  the  locat ions  of the  face bleeder holes, two r i b  bleeder 
holes, and th ree  roof-bol t  holes inby the  l a s t  open crosscut  i n  en t ry  7 .  
Water under pressure  of 60 p.s.i .  and a t  a r a t e  of 15 g.p.m. was i n j e c t e d  
i n t o  hole  L fo r  seve ra l  hours; wi th in  1 hour, water seepage on the  coa l  sur- 
face was noted. A s  infus ion continued, the  seepage extended across the  e n t i r e  
sec t ion  and along the  ou t s ide  r i b s  of e n t r i e s  1 and 7. After  8 hours of water 
i n j e c t i o n ,  the  amount of methane i n  the  immediate r i g h t  r e tu rn -a i r  course 
decreased 28 c.f.m., bu t  the re  was an increase  of 84 c.f.m. i n  the  immediate 
l e f t  return--a n e t  increased r e l e a s e  of 56 c.f.m. 
It had not  been r e a l i z e d  then t h a t  the  changes i n  methane content  of the  
a i r  a t  the  r e t u r n  regu la to r s  would d i f f e r  from changes a t  the  immediate 
F I G U R E  11. - Dark Streaks Are Water and Gas Oozing From Coal Face During Infusion. 
r e t u r n s .  The immediate r e t u r n  samples accounted only f o r  changes i n  methane 
con ten t  a t  t h e  immediate face;  samples taken a t  t h e  r e t u r n  r e g u l a t o r s  included, 
i n  add i t i on ,  t h e  gas forced from t h e  r i b s  outby t h e  immediate r e t u r n s .  Had 
t h e  methane content  a t  t h e  r e t u r n  r e g u l a t o r s  been taken dur ing  t h e s e  i n i t i a l  
i n fus ions ,  they probably would have shown an  i n c r e a s e  a t  each r e t u r n  r egu la to r .  
S i x  a d d i t i o n a l  i n fus ions  of ho le  L were made. The t o t a l  i n j e c t i o n  time 
f o r  t h e  seven in fus ions  w a s  44 hours-- t h e  longes t  s i n g l e  i n fus ion  per iod  being 
18 hours .  Figure 13 shows the  r e l a t i o n s h i p  between water  p re s su re s  and hours 
dur ing  in fus ions .  The maximum water  p re s su re  w a s  125 p.s .i., and a t o t a l  o f  
36,400 ga l lons  of water  w a s  i n j e c t e d .  
During one of t h e s e  infus ions ,  water  mixed w i t h  f luo resce in  dye t r a v e l e d  
a long  t h e  c o a l  bedding p lanes  64 f.p.h. ( f e e t  per  hour) and moved v e r t i c a l l y  
a c r o s s  t he  bedding p lanes  a t  a r a t e  of 0.5 f.p.h. 
RB4 I " 1 7 1 Vertical 
RB5 1 " 1 7 1 Vertical 
FIGURE 12. - Face Area of No. 7 Entry, 4 South, During Water Infusions. 











A i r  measurements were made a t  23 locat ions  i n  the  4 South en t r i e s ,  a s  
shown i n  f igure  14. The methane content  of  the  a i r  was measured a t  each loca- 
t i o n  before, during, and a f t e r  infus ions  t o  determine the  amount of  methane 
re leased i n  the  sec t ion .  The percentage of methane i n  the  a i r  a t  loca t ions  1 
and 20 was read from the  recorder  cha r t s ;  methane content  a t  the  o the r  loca- 
t ions  was taken by Riken readings o r  from analyses of b o t t l e  samples. Table 3 
summarizes the  ava i l ab le  da ta  regarding methane re leased i n  4 South before, 
during, and a f t e r  infus ion i n t o  hole L i n  en t ry  7.  
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No. 1 Entry 
Figure 15 i s  a sketch  of the  face a rea  of No. 1 en t ry  4 South. Borehole 
C was infused s i x  times, during which 29,880 gal lons  of water wi th  dye added 
w e r e  i n j e c t e d  a t  maximum pressure  of 50 p.s.i .  The longest  infus ion period 
was 11 hours. (See f i g .  16.J 
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CC Canvas check 
PC Plastic check 
# Cement block stopping 
GR German-type methane 
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FIGURE 14. - Locations Where Air Measurements Were Taken in 4 South. 
Discussion of Infus ion  Resul t s ,  4 South E n t r i e s  
While t h e  r e s u l t s  of t h e  i n f u s i o n  i n  4 South va r i ed ,  t he  e f f e c t s  were 
more widespread than had been a n t i c i p a t e d ,  being noted n o t  only i n  t h e  4 South 
e n t r i e s  bu t  a l s o  i n  t h e  p a r a l l e l  5 South. 
Soon a f t e r  water  i n fus ion  was s t a r t e d .  i n  No. 1 ent ry ,  4 South, t h e  sec- 
t i o n  foreman of t h e  5 South s e c t i o n  report .ed abnormal changes i n  t h e  methane 
emission.  A f t e r  t h i s  r e p o r t  a d d i t i o n a l  re.adings were taken i n  5 South t o  
determine me thane l i b e r a t i o n s  before,  duri.ng, and a f t e r  succeeding water  infu-  
s i o n s  of 4 South. Table 4 s u m a r i z e s  thesle r e s u l t s  and shows t h a t  methane 
concen t r a t ion  i n  5 South increased  dur ing  each in fus ion  and decreased 
af te rward .  
The q u a n t i t y  of methane removed from t h e  5 South s e c t i o n  before  and a f t e r  
i n fus ions  i n  4 South i s  given i n  t a b l e  5. 
TABLE 3. - Methane r e l eased  i n  4 South before,  during. and a f t e r  




~ o c a  t ions1 Af t e r  in fus ion  
Percent 1c.f.m. 
A i r ,  
c .f .m. 
Methane 
' see f i gu re  14. 
Before i n fus ion  
Percent 1 c .f.m. 




















TABLE 4. - Methane content  of a i r  a t  5 South r egu la to r s  before ,  d u r i n ~  
and a f t e r  water- infusion tests i n  No. 1 en t ry ,  4 South 
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FIGURE 15. - Face Area No. 1 Entry, 4 South, During Water Infusions. 
FIGURE 16. - Graph of Water-Infusion Pressure Versus Time, No. 1 Entry, 4 South. 
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During some infus ions  i n  4 South a dye mixed wi th  the  infus ion water t rav-  
e l ed  through 1,500 f e e t  of s o l i d  coa l  t o  and across  the faces of 5 South. 
Also, when mining was resumed i n  4 South, the dye was detected by the  use of 
an u l t r a v i o l e t  l i g h t  fo r  1,500 f e e t  ahead of the  infus ion point .  
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No. 1 en t ry  
Do . 
The q u a l i t y  of gas dra in ing from the  hor izon ta l  d r i l l  holes changed mate- 
r i a l l y  during water infus ions .  Table 6 shows the  composition of gas from 
boreholes i n  4 South before water infus ions  were s t a r t e d ;  t a b l e  7 shuws the  
composition of gas from borehole N during an infus ion of borehole L. During 
t h i s  infus ion the gas emission increased from 15 t o  20 c.f.m, Repeated infu- 
s ions  of borehole L produced s imi la r  r e s u l t s  i n  gas emission r a t e s  and q u a l i t y  
from borehole N .  The temperature of water seeping from hole N during infu- 
s ions  was 57O t o  58O F., and t h a t  of the  infus ion water was lo t o  2' F. higher. 
During infus ion of borehole L i n  No. 7 entry,  4 South, the  gas ve loc i ty  
from holes i n  No. 1 entry,  4 South, increased a s  folluws: Zero t o  250 £.p.m. 
from A; 600 t o  800 f , p  ,mo from B; 400 t o  500 f.p ,m. from C; and 50 t o  200 
f .p.m. from Y. Borehole X was sealed.  The flow of gas from roof-bolt  holes 
RBI and RB2 a l s o  increased considerably, The r i b  of borehole X exuded water 
f r e e l y  and was covered wi th  gas-water bubbles during these  infus ions .  Several 
hours a f t e r  infus ions  were completed, the  gas being l ibe ra ted  from t h i s  r i b  
c rea ted  a loud h i s s ing  sound. These r e s u l t s  were obtained a f t e r  each infusion.  
, Methane, c,f.m, 
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TABLE 6. - Mass spectrometer ana lys i s  of gas from hor i zon ta l  
boreholes,  4  South e n t r i e s  
'see f i g u r e  12. 




B~ ........... .. .... 
c2 ................. 
TABLE 7. - Comos i t ion  of gas from borehole N dur ing  




During t h e  infus ion  of borehole C i n  No. 1 entry,  the  gas emission r a t e s  
from borehole A increased from nea r ly  zero t o  400 f.p.m,; borehole B increased 
from 600 t o  800 f a p a m e ;  and borehole Y increased  from 50 t o  300 fap.m. A con- 
s i d e r a b l e  volume of gas was suddenly emit ted from roof-bolt  holes R B I  and RB2, 
and the  l e f t  r i b  a t  borehole X again exuded water,  f r e e l y  covering the  r i b  
w i t h  gas-water bubbles. Af ter  each infus ion  the  l i b e r a t i n g  gas from the  r i b  
c rea ted  a loud h i s s i n g  sound. Also, t he  gas emission r a t e  from borehole L was 
increased  from nea r ly  zero t o  700 fapame  As t h e  gas emission r a t e s  increased, 
t h e  methane content  decreased, 
Percent 
Infusions i n  Main En t r i e s  

































The Mains were developed i n  a  group of n ine  e n t r i e s  on the  b u t t  c l e a t s .  
Figure 17 i s  a p lan  of the  Main e n t r i e s  during two water infus ions  showing 

















Hole No, 1 was infused fo r  9 hours, and 10 minutes a t  water  pressures  
ranging from 30 t o  118 p a s m i . ,  us ing  two pumps i n  p a r a l l e l  capable of de l iver -  
i n g  25 g,p.m. A t o t a l  of 13,650 ga l lons  of water  was infused.  During the  
l a s t  30 minutes a  we t t ing  agent was added t o  the  water,  and wi th in  a  few min- 
u t e s  a f t e r  the  infus ion  hole  No. 2 was discharging water  colored by the  






Drill hole 4, 120' 
Drill hole 2, 100' 




FIGURE 17. - Plan of Main Entry Faces During Two Infusions. 
Less dus t  became a i rbo rne  dur ing  mining opera t ions  i n  t h e  s e c t i o n  infused  
w i t h  a  we t t ing  agent  s o l u t i o n  than i n  those sec t ions  where water  a lone  was 
used. 
A i r  measurements before  and during t h i s  i n fus ion  a t  t h e  r i g h t  and l e f t  
r e t u r n  r egu la to r s  were 54,400 and 63,000 c.f.m,, r e spec t ive ly .  The methane 
content  of  t he  a i r  a f t e r  i n fus ion  increased  0.28 percentage po in t  a t  t h e  l e f t  
r e g u l a t o r  and 0.17 percentage po in t  a t  t h e  r i g h t  r e g u l a t o r .  Thus, the  t o t a l  
methane l i b e r a t i o n  from t h e  Mains a s  a  r e s u l t  of i n fus ion  was 268 c  .fama 
Crosscut  Between t h e  5  and 6 Ent r i e s  
Figure 17 shows h o r i z o n t a l  borehole No. 3 d r i l l e d  i n  t h e  p i l l a r  between 
p ro jec t ed  5  and 6  e n t r i e s ,  t h e  f ace  of Mains when t h e  hole  was d r i l l e d ,  and 
t he  bleeder  holes 4 and 5. Hole No. 3 was infused a t  t h e  same time the  con- 
tinuous-mining machine was being operated i n  No. 3 ent ry .  Pressure of infu- 
s ion  water  ranged from 100 t o  150 p .s .i. a t  t h e  beginning of the  infus ion;  
l a t e r  i t  was reduced t o  50 p .s . i .  and then t o  25 p.s . i .  t o  prevent the  r e l e a s e  
of an excessive amount of methane. 
A i r  measurements a t  t h e  r i g h t  and l e f t  r e t u r n  r egu la to r s  before  and dur- 
ing  t h i s  infus ion  were 55,600 and 44,200 c.f.m., r e spec t ive ly .  The methane 
content  of t h e  a i r  a f t e r  the  infus ion  increased 0.14 percentage po in t  a t  t h e  
l e f t  r egu la to r  and 0.13 percentage poin t  a t  the  r i g h t  r egu la to r .  Thus, the  
t o t a l  methane l i b e r a t i o n  from t h e  Mains a s  a r e s u l t  of infus ion  was 134 c.f.m. 
Lnfusions i n  5 South E n t r i e s  
Crosscut Outby Clay Vein 
En t r i e s  1 through 4 had been driven through a c l ay  ve in  t h a t  was exposed 
a t  t he  face of en t ry  5. (See f i g .  18.) Holes 2 and 3 terminated i n  the  c l ay  
ve in .  Hole No. 3 was infused f o r  21 hours and 10 minutes. During the  f i r s t  
7 hours, water a t  pressures  ranging from 50 t o  110 p.s . i .  was in j ec ted .  Dur- 
ing  t h e  l a s t  14 hours and 10 minutes of the  infusion,  water  a t  100 p.s.i .  was 
suppl ied  from a p i p e l i n e  a t  a s t a t i c  pressure  of 225 p.s . i .  Water, t o t a l l i n g  
14,560 gal lons,  and we t t ing  agent soluticln were used a t  t he  r a t e  of 11.5 g.p.m. 
A i r  measurements before  and during t h e  infus ions  a t  t he  r i g h t  and l e f t  
r e t u r n  r egu la to r s  were 80,100 and 65,900 c.  f.m., r e spec t ive ly .  Methane con- 
t e n t  of the  a i r  a f t e r  in fus ion  increased 0.9 percentage poin t  a t  t he  r i g h t  
r egu la to r  and 0.6 percentage poin t  a t  t h e  l e f t .  Thus, the  t o t a l  methane l ib -  
e r a t i o n  from 5 South a s  a r e s u l t  of the  f.irst in fus ion  was 1,116 c.f.m. 
Af ter  5 hours, hole No. 3 again was infused f o r  1 hour and 15 minutes 
w i t h  water  a t  pump pressures  ranging from 70 t o  140 p.s.i .  The flow r a t e  was 
14 g.p.m. The flow of a i r  a t  t he  l e f t  and r i g h t  r e t u r n  r egu la to r s  was 58,500 
and 83,300 c.f.m., r e spec t ive ly .  There bras no increase  i n  methane content  a t  
t h e  l e f t  regula tor ,  but t h e r e  was an increase  of 0.2 percentage poin t  a t  t he  
r i g h t  r egu la to r .  Thus, t o t a l  methane l i b e r a t i o n  from 5 South a s  a r e s u l t  of 
t h e  second infus ion  was 167 c.f.m. 
During subsequent mining i n  the  5 South e n t r i e s ,  the  mine o f f i c i a l s  and 
workmen repor ted  t h a t  t h e r e  was a s u b s t a n t i a l  decrease i n  a i rborne  dus t .  
Crosscut Inby Clay Vein 
Af ter  t h e  e n t r i e s  had been mined four c rosscu t s  p a s t  t h e  c l ay  vein, 
b leeder  holes 5, 6, and 7 were d r i l l e d .  (See f i g .  18.) Hole 6 was infused 
f o r  13.5 hours. Water a t  pump pressure  of 250 p.s . i .  and a r a t e  of 15 g.p.m. 
was i n j e c t e d  i n t o  t h e  hole f o r  12 hours and 10 minutes. Water a t  a pressure  
of 200 p.s . i .  was supplied from a s t a t i c  p ipe l ine  f o r  1 hour and 10 minutes a t  
t h e  r a t e  of  11.5 g.p.m. 
Drill hole 6, 55' 
Drill hole 4, 130' 
FIGURE 18. - Clay Vein and Face Areas During Two Infusions, 5 South. 
A i r  measurements before  and during the  infusion a t  the  r i g h t  and l e f t  
r e t u r n  regu la to r s  were 64,300 and 63,100 c.f.m., respect ive ly .  The methane 
content  of the  a i r  a f t e r  infus ion increased 0.65 percentage po in t  a t  the  r i g h t  
r egu la to r  and 0.3 percentage point  a t  the  l e f t .  Thus, the  t o t a l  methane l ib -  
e ra ted  from 5 South a s  a r e s u l t  of the  infus ion was 607 c.f.m. 
When the  faces had advanced another crosscut ,  hole 7 was d r i l l e d  i n  the  
p i l l a r  between 5 and 6 e n t r i e s .  It was f i t t e d  w i t h  a water-infusion sea l ,  a 
pressure  gage, and a shutoff  valve.  When the  valve  was closed f o r  1 minute, 
the  shut- in pressure was 0.5 p.s.i., and a f t e r  4 hours the  pressure  was 
5 p.s.i. 
Discuss ion  of In fus ion  Resu l t s ,  Main and 5 South E n t r i e s  
The r e s u l t s  of  i n f u s i o n  i n  t h e  Mains and t h e  5 South e n t r i e s  were s i m i l a r  
t o  those  i n  t h e  4 South. The Mains were d r iven  on b u t t  c l e a t s ,  and a l though 
h ighe r  p re s su re s  were needed t o  f o r c e  t h e  wa te r  i n t o  t he  boreholes ,  t h e r e  i s  
no conc lus ive  proof t h a t  t h e  c l e a t s  were wholly r e spons ib l e  fo r  p r e s s u r e  
d i f f e r e n c e s .  
A s  i n  4 South, t h e r e  was no i n d i c a t i o n  of  damage t o  t h e  f l o o r  o r  roof  a s  
a r e s u l t  o f  wa te r  i n fus ion .  
DEGAS IFICATION TMZWGH VERTICAL BOREHOLE 
Free  Flow of Methane 
A power-drop borehole,  BH26 ( f i g .  I ) , ,  was d r i l l e d  from t h e  s u r f a c e  t o  t h e  
top  of  t h e  coalbed ahead of t h e  5 South eintr ies .  Before completing t h e  d r i l l -  
i n g  through t h e  coalbed, t h e  ho l e  was cased w i t h  6- 5/8- inch  s tandard  ca s ing  
and grouted t o  t h e  su r f ace .  The t o t a l  dep th  of t h e  ho le  was 455 f e e t .  Both 
gas  and water  en t e r ed  t h e  hole,  bu t  t he  gas  flow stopped when water  reached a 
s t a t i c  l e v e l  of 365 f e e t .  
A bottom-hole pump ( f i g .  19) was i n s t a l l e d ,  and when water  was removed, 
24,000 cubic  f e e t  per  day of  gas was emi t ted .  The ho le  developed a shu t - in  
p r e s s u r e  of  28 p . s . i .  
Flow by Vacuum 
Two months a f t e r  t h e  pump was i n s t a l l e d  t h e  f r e e  flow of  gas from t h e  
ho le ,  when dewatered, decreased t o  17,000 cubic  f e e t  per  day. A r o t a r y  vacuum 
pump w i t h  a c a p a c i t y  of  53 c.f  .me was connected t o  t h e  cas ing ,  and t h e  flow of 
gas was i nc reased  t o  29,200 cubic  f e e t  pe r  day. The i n s t a l l a t i o n  of  a vacuum 
pump w i t h  a c a p a c i t y  of  115 c.f.m. a t  a vacuum of  13.5 inches  of mercury 
i nc reased  t h e  gas flow f u r t h e r  t o  82,200 cubic  f e e t  p e r  day. 
Samples of  gas were taken from t h e  borehole  dur ing  f r e e  flow and wh i l e  
t h e  vacuum pump was be ing  opera ted .  A f t e r  t h e  l a r g e r  vacuum pump was con- 
nected,  t h e  gas samples showed an i n c r e a s e  of  a i r  conten t .  Although t h e  5 
South e n t r i e s  were 800 f e e t  from t h e  borehole,  t h e  i nc reased  a i r  conten t  prob- 
a b l y  was coming from t h e  mine v e n t i l a t i n g  c u r r e n t s ,  
Table 8 summarizes dra inage  d a t a  and gas ana lyses  of samples taken from 
BH26. Gas samples were taken per iod ica l l ly  from t h e  h o l e  a t  f r e e  flaw by 
s topping  t h e  vacuum pump. A f t e r  each sample, o r i f i c e  read ings  showed t h a t  t he  
gas q u a n t i t y  decreased;  l i kewi se  t h e  methane con ten t  decreased.  
To determine i f  mine v e n t i l a t i n g  a i r  was pas s ing  through t h e  800 f e e t  o f  
c o a l  between t h e  5 South e n t r i e s  and t h e  borehole,  a Veeco Ms-9A helium-leak 
d e t e c t o r  was i n s t a l l e d  on t h e  su r f ace .  (See f i g .  20.) Helium emission read- 
i n g s  were taken f o r  s e v e r a l  days be fo re  helium was r e l e a s e d  i n  5 South. The 
accuracy of t h e  l eak  d e t e c t o r  permi ts  measurement of  1 p a r t  helium i n  10 










































































































































































e - - t:
 






! 40 46 46 26 { 6;

















s - - - - - - 78 88 91 82 84 82 110





















































































































































































































































































FIGURE 19. - Bottom-Hole Pump Insta l la t ion a t  BH26. B e l t  guard removed 
for photographic purposes. 
Helium was re l eased  from a cy l inder  under pressure  of 350 p.s.i. i n t o  the  
mine atmosphere a t  the  face of No. 1 entry,  5 South. A s u b s t a n t i a l  increase  
i n  heliumwas detec ted  a t  the  borehole 3 hours and 20 minutes a f t e r  r e l ease .  
The following day, helium under pressure  of 50 p.s .i. was re leased through an 
infus ion s e a l  i n t o  a bleeder hole i n  the  No. 1 entry .  One hour a f t e r  the  
r e l e a s e  i t  was detec ted  on. the  surface.  Three more re leases ,  on successive 
days, were made: (1) A t  t h e  face of No. 1 entry,  5 South; (2) a t  the  face  of 
No. 4 entry,  5 South; and (3) i n  the  intak.e a i r  of No. 4 entry,  5 South. Two 
hours a f t e r  each r e l e a s e  a s u b s t a n t i a l  increase  i n  helium was detec ted  on the  
surface.  
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FIGURE 20. - Veeco MS-9A Helium-Leak Detector. 
Gas analyses previously given i n  t ab les  6 and 7 showed an increase of a i r  
during infusions i n  the  4 South. A t  t h a t  time the  reason for  the  increase was 
not  explainable,  There was evidence tha t  the  infus ion water t raveled  through 
s o l i d  coal  a s  much as  1,500 f e e t  and moved gas ahead of i t .  The helium 
re leases  proved t h a t  mine a i r  could be evacuated i f  the  vacuum pump was oper- 
a t ing .  It i s  very probable t h a t  the infus ion water in te r sec ted  the  path of 
a i r f low from the  coa l  face t o  BH26, and t h a t  i n  doing so  the  water displaced 
a i r  and methane ahead of i t  from t h i s  path. This would account fo r  the  di lu-  
t i o n  of gas emitted from bleeder holes outby the  ho le  infused. 
Flow bv Vacuum Throu~h  Horizorltal D r i l l  Hole i n  Face 
When BH26 was exposed underground, a  hor izonta l  hole was d r i l l e d  i n  the  
face between projected Nos. 4 and 5 en t r i e s ,  5 South. The hor izonta l  borehole 
was connected t o  BH26 a s  shown i n  f igure  21. After  the  connection was made, 
the  f r e e  flow of gas t o  surface  was a t  the  r a t e  of 2,800 cubic f e e t  per day. 
Under vacuum the  flow of gas from the coal  increased t o  82,000 cubic f e e t  
a  day. Af ter  severa l  days'  in te rmi t t en t  operat ion of t h e  pump, methane was 
not  detected i n  the  r i g h t  r e t u r n  and only 0.08 percent  i n  the  l e f t  re turn .  
The sect ion was advanced 400 f e e t  i n  5 weeks without any appreciable increase 
i n  methane i n  the  re turns .  
Vacuum 
Reduced to 2" 
A~,n",n",n",~",~",~",A",~",n",~,", 9 ‘infusion plug L ~ e d u c e d l  to zff to fit I 
- - - - - - - - - - - - - - - - 
FIGURE 21. - Connection of BH26 With Horizontal Borehole, 5 South. 
Table 10 summarizes va r ia t ions  i n  gas composition emitted under vacuum 
from the  hor izonta l  borehole connected wi th  BH26 a s  determined from readings 
and analyses of gas samples taken a t  i n t e r v a l s  during 4 days a f t e r  the  bore- 
hole was in te r sec ted  by underground 5 South workings. 
MIGRATION TESTS, ANHYDROUS AMMONIA 
Tests  t o  determine i f  gas migrated p r e f e r e n t i a l l y  along or  across the  
coal  bedding planes were conducted using anhydrous ammonia a s  a t r ace r .  Holes 
were d r i l l e d  i n  a f resh ly  exposed working face driven on face c l e a t s  a s  shown 
i n  f igure  22. A 4-foot length of 118-inch-diameter rubber tubing was inse r t ed  
6 inches i n  each hole, except No. 2, and sealed. 
TABLE 10. - Gas composition and flow under vacuum 







7:OOa.m. 50 60 - 
7:30 a.m. 51 70 11.0 
8:30 a.m. 53 90 11.0 
9:OOa.m. 55 95 11.0 
9:30 a.m. 55 100 11.0 
7:25 p.m. 66 60 - 
7:30 p.m. 66 75 11.0 
7:35 p.m. 66 75 11.0 
7:37 p.m. 66 75 11.0 
2d..... 7 :39 p.m. 66 75 11.0 
7:41p.m. 66 75 11.0 
7:44p.m. 65 80 - 
7:47 p.m. 65 80 11.0 
7 :50 p.m. 65 80 11.0 
7:52 p.m. 65 86 11.0 
7:57 p.m. 64 91 11.0 
7:59p.m. 64 100 11.0 
8:00 p.m. 64 105 11.0 





Analyses of gas, 
er cent 
TABLE 10. - Gas composition and flow under vacuum 
through d r i l l  ho le  i n  face  (Con,) 
s u c t i o n  Atmos- 





Analyses of gas, 
i n c  he:; 
l ~ o t t o m  of No. 26 s u r f a c e  borehole was i n t e r s e c t e d  by 5 South workings. 
. ' capac i ty  of  gas vacuum pump was 115 c.f.m. 
A p iece  of l i tmus  paper was a t t ached  t o  t h e  f r e e  ends of  t h e  tubes,  and 
they were he ld  by one observer  toge ther  w i t h  a p i ece  of  c l o t h  soaked i n  a weak 
s o l u t i o n  of  hydrochlor ic  ac id .  While t h i s  observer  s n i f f e d  t h e  handheld 
tubes,  another  r e l e a s e d  t h e  ammonia from a c y l i n d e r  through an in fus ion  seal. 
A s  t h e  g a s i f i e d  ammonia migrated through t h e  bed, t h e  pungent odor was 
d e t e c t e d  by fuming o f  t h e  acid-soaked c l o t h  and t h e  change i n  c o l o r  of  t he  
l i tmus  paper from pink t o  blue.  
It r equ i r ed  2 1  seconds f o r  amuonia t o  mig ra t e  from hole  2 t o  hole  1, 27 
seconds from hole  2 t o  hole  3, and 31  seconds from hole  2 t o  ho le  5 .  No gas 
Roof 
1 7. binder, 111 thick No. 4 - hole " 
r n 
6/ binder, $' thick ' 
FIGURE 22. - Spacing of Holes in Coal Face for Migration 
Tests. A. A l  l holes were 5 ft. deep and 2 in. 
in diameter; L N o .  2 hole was sealed with 
water-infusion seal for a depth of 2 ft. from 
collar; and C. A cylinder of anhydrous am- 
monia was connected to the water-infusion 
1. 
was detec ted  coming from 
hole 4 .  The gas t raveled  
f a s t e r  along the  bedding 
planes than across  the  
planes and, l i k e  the  infu- 
s ion  water, d id  not  pene- 
t r a t e  the  7-foot binder. 
! Floor - 
Airflow - 16' - 
CONCLUS IONS 
From observations made 
and da ta  co l l ec ted  during 
these  methane drainage exper- 
iments, i t  i s  concluded t h a t  
methane can be removed from 
the  Pi t t sburgh coalbed before 
and during mining a t  t h i s  
mine. However, the  t e s t s  
should be repeated a t  mines 
i n  o ther  mines i n  the  
Pi t t sburgh bed t o  v e r i f y  the  
conclusion. 
seal; a valve and a pressure gage werepro- Gas l i b e r a t i o n  from 
vided in the connecting line between the hor izonta l  boreholes d r i l l e d  
cylinder and the seal. 100 t o  230 f e e t  deep i n  the  
coalbed ranged from near ly  
zero t o  135 c.f.m. The flow decreased s t e a d i l y  f o r  severa l  hours; however, 
many of the  holes  continued f r e e  flow f o r  seve ra l  months. A hole  70 f e e t  deep 
terminating i n  a c l ay  vein  emit ted 193 c.f.m. f o r  severa l  weeks. Shut-in 
pressures  of the  hor izon ta l  bleeder holes  scaled up t o  60 p.s . i .  
Methane was l i b e r a t e d  from a few roof-bolt  holes, and a few holes d r i l l e d  
v e r t i c a l l y  and a t  o ther  angles i n t o  the  roof emitted 50 t o  75 cubic f e e t  of 
gas per minute. Since hor izonta l  holes i n  the  coalbed drained gas longer and 
a t  a f a s t e r  r a t e  than holes i n  the  roof, i t  appeared t h a t  most of the  methane 
was held i n  the  coalbed r a t h e r  than i n  the  adjacent  s t r a t a .  
Vacuum applied t o  a drainage hole increased the  flow r a t e  of gas. Drain- 
age  from a 20-foot hor izonta l  hole  i n  the  coal  was increased twentyfold by 
vacuum applied t o  a surface  borehole connected w i t h  the  hor izonta l  hole. 
By c o n t r o l l i n g  the  water- infusion r a t e  appl ied  t o  bleeder holes, r e l e a s e  
of methane from the  coalbed ahead of mining faces can be regulated.  During 
one i d l e  period, a s  much a s  1,600,000 cubic f e e t  of methane was removed; when 
mining was resumed, the  methane content  was l e s s  than normal. 
Lnfusion water d id  not  pene t ra te  the  7-foot binder of the  coalbed and no 
ill e f f e c t s  of the  water were noticed on e i t h e r  the  roof o r  f loor  of  the  mine. 
Water infusion,  e spec ia l ly  w i t h  a wet t ing  agent added t o  the  solut ion,  reduced 
the  amount of dust  a t  the  face. 
A v e r t i c a l  borehole from the  su r f ace  t o  t h e  bottom of t h e  coalbed dra ined  
methane from the  bed by f r e e  flow, With a  -vacuum pump connected on the  sur- 
face,  t h e  emission r a t e  increased,  bu t  t h e  percentage of methane decreased,  
The t o t a l  volume of  gas removed by f r e e  flow and vacuum pumping was 8 m i l l i o n  
cubic  f e e t ,  The shu t - in  p re s su re  ranged from 28 t o  100 p , s , i .  
Experiments w i t h  t r a c e r s  introduced i n t o  the  in fus ion  water  and t h e  
v e n t i l a t i n g - a i r  cu r r en t  proved t h a t  water ,  helium, and anhydrous ammonia 
t r a v e l  through s o l i d  c o a l ,  Infus ion  water  mixed w i t h  f luo resce in  dye t r ave l ed  
1,500 f e e t  through c o a l ,  
Helium under vacuum t r a v e l e d  800 f e e t  through t h e  coalbed and through a  
455-foot borehole t o  su r f ace  i n  1 t o  3 hours.  
Anhydrous ammonia under p re s su re  r e l ea sed  i n t o  h o r i z o n t a l  boreholes  
t r a v e l e d  4 f e e t  i n  21 seconds hor izonta l ly , ,  4  f e e t  i n  27 seconds v e r t i c a l l y ,  
and 7 f e e t  i n  3 1  seconds d iagonal ly  ac ros s  t he  bedding planes.  
